The Higgs boson of the Standard Model is being searched for at the LHC in the channel H → γγ. In the Higgs Triplet Model (HTM) there are contributions to this decay from loops of doubly charged scalars (H ±± ) and singly charged scalars (H ± ) that are not present in the Standard Model. These additional contributions are mediated by the trilinear couplings H 1 H ++ H −− and H 1 H + H − , where H 1 is the lightest CP-even Higgs boson. We point out the possibility of constructive interference of the H ±± contribution with that of the W ± contribution, which enables a substantial enhancement of the branching ratio of H 1 → γγ in the HTM. The magnitude of the contribution of H ±± is essentially determined by the mass of H ±± (m H ±± ) and a quartic scalar coupling (λ 1 ), with constructive interference arising for λ 1 < 0. Consequently, the ongoing searches for H → γγ restrict the parameter space of [m H ±± , λ 1 ] more stringently for λ 1 < 0 than for the recently-studied case of destructive interference with λ 1 > 0. Moreover, if the excess of γγ events around a mass of 125 GeV in the LHC searches for H → γγ is substantiated with larger data samples, and the branching ratio is measured to be somewhat larger than that for the SM Higgs boson, then such an enhancement could be readily accommodated by H 1 in the HTM with λ 1 < 0.
I. INTRODUCTION
scenario of λ 1 < 0 can provide enhancements of H 1 → γγ with smaller |λ 1 | than the case of λ 1 > 0.
Our work is organised as follows. In section II we briefly describe the theoretical structure of the HTM. In section III we present the formulae for the contribution of H ±± and H ± to H 1 → γγ, and we summarise the ongoing searches for these particles at the LHC. Section IV contains our numerical results, with conclusions in section V.
II. THE HIGGS TRIPLET MODEL
In the HTM [13, 16, 17] a Y = 2 complex SU(2) L isospin triplet of scalar fields, T = (T 1 , T 2 , T 3 ), is added to the SM Lagrangian. Such a model can provide Majorana masses for the observed neutrinos without the introduction of SU(2) L singlet neutrinos via the gauge invariant Yukawa interaction:
Here h ℓℓ ′ (ℓ, ℓ ′ = e, µ, τ ) is a complex and symmetric coupling, C is the Dirac charge conjugation operator, τ i (i = 1-3) are the Pauli matrices, L ℓ = (ν ℓL , ℓ L )
T is a left-handed lepton doublet, and ∆ is a 2 × 2 representation of the Y = 2 complex triplet fields:
where T 1 = (∆ ++ + ∆ 0 )/2, T 2 = i(∆ ++ − ∆ 0 )/2, and T 3 = ∆ + / √ 2. A non-zero triplet vev ∆ 0 gives rise to the following mass matrix for neutrinos:
The necessary non-zero v ∆ arises from the minimisation of the most general SU(2) L ⊗U(1) Y invariant Higgs potential [17, 25] , which is written as follows [26, 27] (with H = (φ + , φ 0 ) T ):
Here m 2 < 0 in order to ensure non-zero φ 0 = v/ √ 2 which spontaneously breaks SU(2) L ⊗ U(1) Y to U(1) Q while M 2 ∆ > 0. The scalar potential in eq. (4) together with the triplet Yukawa interaction of eq. (1) lead to a phenomenologically viable model of neutrino mass generation. For small v ∆ /v, the expression for v ∆ resulting from the minimisation of V is:
For M ∆ ≫ v one has v ∆ ≃ µv 2 /(2M 2 ∆ ), which would naturally lead to a small v ∆ even for µ of the order of the electroweak scale (and is sometimes called the "Type II seesaw mechanism"). However, in this scenario the triplet scalars would be too heavy to be observed at the LHC. In recent years there has been much interest in the case of light triplet scalars (M ∆ ≈ v) within the discovery reach of the LHC, for which eq. (5) leads to v ∆ ≈ µ, and this is the scenario we will focus on. The case of v ∆ < 0.1 MeV is assumed in the ongoing searches at the LHC, for which the BRs of the triplet scalars to leptonic final states (e.g. H ±± → ℓ ± ℓ ± ) would be ∼ 100%. Since v ∆ ≈ µ for light triplet scalars then µ must also be small (compared to the electroweak scale) for the scenario of v ∆ < 0.1 MeV. Moreover, if one requires that the triplet Yukawa couplings h ij are greater in magnitude than the smallest Yukawa coupling in the SM (i.e. the electron Yukawa coupling, y e ∼ 10 −6 ) then from eq. (3) one has v ∆ < 0.1 MeV, and thus the decays of the triplet scalars to leptonic final states have BRs which sum to ∼ 100%. In extensions of the HTM the term µ(H T iτ 2 ∆ † H), which is the only source of explicit lepton number violation, may arise in various ways: i) it can be generated at tree level via the vev of a Higgs singlet field [28] ; ii) it can arise at higher orders in perturbation theory [27] ; iii) it can originate in the context of extra dimensions [26] , and iv) in the context of other extensions of the HTM [29, 30] .
The branching ratios (BRs) for H ±± → ℓ ± ℓ ′ ± depend on h ℓℓ ′ and are predicted in the HTM in terms of the parameters of the neutrino mass matrix [26, 27, 31] . Detailed quantitative studies of BR(H ±± → ℓ ± ℓ ′ ± ) in the HTM have been performed in Refs. [32] [33] [34] [35] [36] [37] with particular emphasis given to their sensitivity to the Majorana phases and the absolute neutrino mass i.e. parameters which cannot be probed in neutrino oscillation experiments. A study on the relation between BR(H ±± → ℓ ± ℓ ′ ± ) and the neutrinoless double beta decay was performed in Ref. [38] .
An upper limit on v ∆ can be obtained from considering its effect on the parameter
In the SM ρ = 1 at tree-level, while in the HTM one has (where
The measurement ρ ≈ 1 leads to the bound v ∆ /v ∼ < 0.03, or v ∆ ∼ < 8 GeV. Therefore the vev of the doublet field v is essentially equal to the vev of the Higgs boson of the SM (i.e. v ≈ 246 GeV). At the 1-loop level v ∆ must be renormalised [39] , and the first explicit analysis in the context of the HTM has recently been performed in [24] , with bounds on v ∆ similar to those of the tree-level analysis. The scalar eigenstates in the HTM are as follows: i) the charged scalars H ±± and H ± ; ii) the CP-even neutral scalars H 1 and H 2 ; iii) a CP-odd neutral scalar A 0 . The doubly charged H ±± is entirely composed of the triplet scalar field ∆ ±± , while the remaining eigenstates are in general mixtures of the doublet and triplet fields. However, such mixing is proportional to the triplet vev, and hence small even if v ∆ assumes its largest value of a few GeV. The expressions for the mixing angle in the CP-even sector α and charged Higgs sector β ′ are:
We note that a large mixing angle (including maximal mixing, α = π/4) is possible in the CP-even sector provided that m H 1 ∼ m H 2 [20] [21] [22] , but we will not consider this parameter space in this work. The above approximation for sin α is valid as long as m H 2 is larger than m H 1 by 5 GeV or so. Therefore H ± , H 2 , A 0 are predominantly composed of the triplet fields, while H 1 is predominantly composed of the doublet field and plays the role of the SM Higgs boson. Neglecting the small off-diagonal elements in the CP-even mass matrix, the approximate expressions for the squared masses of H 1 and H 2 are as follows:
The squared mass of the (dominantly triplet) CP-odd A 0 is given by:
The squared mass of the (dominantly triplet) H ± is given by:
Finally, the squared mass of the (purely triplet) doubly-charged scalar (H ±± = δ ±± ) is given by:
One can see that the squared mass of the (dominantly doublet) H 1 is simply given by λv 2 /2, as in the SM. In the expressions for the masses of m 
In our numerical analysis we choose the following seven parameters from the scalar potential to be the input parameters:
Therefore M 2 ∆ and µ are determined from the above parameters.
Many previous works have studied the impact of singly charged scalars on the decay H → γγ e.g. in the context of the minimal supersymmetric SM (MSSM) [40] , a Two-Higgs Doublet Model [11, 41] and the Next-to-MSSM [42] . The contribution of doubly charged scalars to this decay has received comparatively very little attention. 1 A study in the context of a Little Higgs Model was performed in [44] , but the magnitude of the contribution from H ±± was shown to be much smaller than that of the singly charged scalar in the same model, due to the theoretical structure of the scalar potential. Recently the impact of the contribution from H ±± was studied in the HTM in [23, 24] , and was shown to give a sizeable contribution to H → γγ. In [23] both enhancements and suppressions were discussed, while in [24] only suppressions were studied. We will closely follow the analysis of [23] . Note that the loopinduced decay H 1 → γZ would also receive contributions from H ±± and H ± , but we will not consider this decay in this work because it is not expected to be observable in the early stages of operation of the LHC. We will consider the parameter space where H 1 is essentially composed of the doublet field, while H 2 is essentially composed of the neutral triplet field, which is realised in a large region of the parameter space of the HTM. In this case both H 2 and A 0 will be difficult to observe in the 8 TeV run of the LHC due to their small couplings to quarks and vector bosons, and so they can only be produced in reasonable amounts by mechanisms such as pp → Z * → H 0 A 0 (as discussed in [46] ). Consequently, the mass limits from the searches for the SM Higgs in the interval 110 GeV < M H < 600 GeV do not apply to H 2 and A 0 since their production cross sections are much smaller than that for gg → H.
The explicit form of the decay width for H 1 → γγ is as follows [47] :
Here α is the fine-structure constant, N c (= 3) is the number of quark colours, Q f is the electric charge of the fermion in the loop, and
. The loop functions A 1 (for the W boson) and A 1/2 (for the fermions, f ) are well known. For the contribution from the fermion loops we will only keep the term with the top quark, which is dominant. The loop function for H ±± and H ± is given by:
and the function f (τ ) is given by
Note that the contribution from the loop with H ±± in eq. (16) is enhanced relative to the contribution from H ± by a factor of four at the amplitude level. The couplings of H 1 to the vector bosons and fermions relative to the values in the SM are as follows:
From Eq . (7) The scalar trilinear couplings are parametrised as follows:
with the following explicit expressions in terms of the parameters of the scalar potential (where s α = sin α etc) [22] :
Neglecting the terms which are suppressed by v ∆ one has the simple forms [22, 45] :
Therefore one expects that the couplings g H 1 H ++ H −− and g H 1 H + H − have similar magnitudes in the HTM, and it is essentially λ 1 which determines the value of g H 1 H ++ H −− .
In Fig. 1 we plot the amplitudes (before squaring) of the separate contributions to H 1 → γγ in Eq. (16) for m H 1 = 125 GeV, m H ±± =250 GeV, and three values of m H ± (300 GeV, 250 GeV and 200 GeV). Due to the enhancement factor of a factor of four from the electric charge of H ±± being twice that of H ± , one expects the contribution of H ±± to H 1 → γγ to dominate that from H ± , and this can be seen in Fig. 1 . In contrast, in the little Higgs model of [44] the theoretical structure of the model requires g H 1 H ++ H −− << g H 1 H + H − , and so the contribution from H ±± could be neglected in [44] with respect to the that from H ± . Note that the contribution from the H ±± loop interferes constructively with that of the W loop for λ 1 < 0, while for λ 1 > 0 the interference is destructive and its magnitude can be as large as that of the W contribution for λ 1 ∼ 10. The H ± loop is usually subdominant. Theoretical constraints on the parameters of the scalar potential of the HTM come from the requirements of perturbative unitarity in scalar-scalar scattering, stability of the potential, and positivity of the masses of the scalars. A comprehensive study of all these
constraints has been performed in [22] , with earlier studies in [20, 21] . The magnitude of λ 1 plays a crucial role in determining the numerical value of the trilinear couplings in eq. (27) and eq. (28) . The main constraint on λ 1 comes from the requirement of the stability of the scalar potential, and one of four such constraints derived in [22] is:
If λ 2 and λ 3 are taken to be zero, then the combined constraints on λ 1 from perturbative unitarity in scalar-scalar scattering and from stability of the potential require λ 1 > 0, as shown in [22] . However, for the case of sufficiently positive λ 2 and λ 3 the choice of λ 1 < 0 is permissible, and is a possibility which was acknowledged in [22] but its phenomenology was not studied. We note that varying λ 2 and λ 3 has very little effect on the trilinear couplings in eq. (25) and eq. (26), and on the masses of the triplet scalars. In our numerical analysis we will fix λ 2 = λ 3 , and use eq.(29) to determine λ 2 as a function of λ 1 and λ. For the case of λ 4 = 0 and λ = 0.516 (on which we will focus) one can show from eq . (29) that the stability of the vacuum requires √ 0.77λ 2 > −λ 1 . The most negative value of λ 1 that we will consider is λ 1 = −3, for which λ 2 = λ 3 ∼ 10 would be necessary. For λ 1 = −2 and λ 1 = −1 one would require λ 2 > 4 and λ 2 > 1 respectively. ±± → ℓ ± ℓ ′ ± and H ± → ℓ ± ν ℓ ′ with ℓ = e, µ, τ . The ATLAS collaboration has carried out three distinct searches for the decay H ±± → ℓ ± ℓ ′ ± (assuming production via→ γ * , Z * → H ++ H −− only) as follows: i) two (or more) leptons (for ℓ = µ only), using 1.6 fb −1 of integrated luminosity [19] ; ii) three (or more) leptons (ℓ = e, µ), using 1.02 fb −1 of integrated luminosity [57]; iii) four leptons (ℓ = e, µ), using 1.02 fb −1 of integrated luminosity [58] . The mass limits on m H ±± from the LHC searches are stronger than those from the Tevatron searches [59, 60] . In the CMS search (which currently has the strongest limits), the limit is m H ±± > 450 GeV for the decay with ℓ = e, µ and assuming BR=100% in a given channel. For final states with one τ or two τ the limits are weaker, being m H ±± > 350 GeV and m H ±± > 200 GeV respectively. Moreover, the limit of m H ±± > 400 GeV is derived in four benchmark points in the HTM in which all six decay channels have a non-zero BR(H ±± → ℓ ± ℓ ′ ± ). The above searches all assume dominance of the leptonic decay channels H ±± → ℓ ± ℓ ′ ± , which is the case in the HTM for v ∆ < 10 −4 GeV and degeneracy of the triplet scalars. However, the decay channel H ±± → W ± W ± dominates for v ∆ > 10 −4 GeV (and assuming degeneracy of the triplet scalars), for which there have been no direct searches. Therefore the above bounds on m H ±± cannot be applied to the case of v ∆ > 10 −4 GeV, and in this scenario H ±± could be much lighter. Moreover, for the case of non-degeneracy of the triplet scalars the decay H ±± → H ± W * can be dominant over a wide range of values of 100 eV < v ∆ < 1 GeV [27, 31, 35, [61] [62] [63] [64] , and thus the limits on m H ±± from the searches for
can be weakened. In our numerical analysis we will consider values of m H ±± as low as 150 GeV.
D. Searches for H → γγ at the LHC
Two LHC collaborations have performed inclusive searches for H → γγ (CMS in [4] and ATLAS in [5] ). Assuming that the production cross section is that of the SM Higgs boson, constraints are now being derived on the quantity BR(H → γγ) in any theoretical model:
The dominant production process in the SM is gg → H (which comprises around 87% of the inclusive production of H) while vector boson fusion→ qqW * W * → Hjj, Higgsstrahlung→ W * /Z * → HW/HZ and gg → Htt give subdominant contributions. Moreover, both CMS [65] and ATLAS [66] have performed searches for a fermiophobic Higgs boson decaying to two photons. These latter searches apply selection cuts which differ from those in [4, 5] . This is to increase sensitivity to the vector boson fusion and the Higgsstrahlung production mechanisms and to suppress any contribution from gg → H, which is expected to be very small or even absent for a fermiophobic Higgs boson. In [8] it is estimated that the search strategy in [65] is sensitive to the combination
while the search strategy in [66] is sensitive to the combination
In all four of these searches for H → γγ there is a small excess of events at ∼ 125 GeV, which leads to a weaker exclusion of R γγ > 3.5 at 95% c.l. The small excess could merely be a background fluctuation which will disappear with a larger integrated luminosity. However, attributing this excess to genuine production of H → γγ [8] gives rise to the following best fit value of R γγ , which is derived from averaging the four measurements in [4, 5, 65, 66] :
Away from m H = 125 GeV, values of R γγ in the interval 1 < R γγ < 2 are excluded for 110 GeV < m H < 150 GeV, with the sensitivity reaching R γγ ∼ 1 in some very small mass intervals.
In the HTM the couplings of H 1 to the quarks and vector bosons are almost identical to those of the SM Higgs boson, and are given in Eqs . (19) to (22) . Since cos α ∼ 1 and cos β ′ ∼ 1 then the production rate of H 1 at the LHC is essentially the same as that of the SM Higgs boson in all the standard search channels. As in [22] we define the simple ratio:
This is approximately the quantity which is now being constrained by the LHC searches in [4] and in [5] , for which the dominant production mechanism comes from gg → H 1 → γγ. Given the coupling in eqs. (19) and (20), one can see that the ratio Γ(
is essentially equal to one in the HTM. As mentioned above, the fermiophobic Higgs searches in [65] and ATLAS [66] greatly reduce the contribution from gg → H 1 . For these searches one would need to replace Γ(H 1 → gg) in eq. (34) by the couplings to vector bosons in eq. (21), and the production rate for H 1 in the HTM would still be essentially the same as that of the SM Higgs boson.
IV. NUMERICAL ANALYSIS
In this section we quantify the magnitude of the charged scalar loops (H ±± and H ± ) on the ratio R γγ . The case of λ 1 > 0 was studied in [22] . We confirm their results, and present results for the case of λ 1 < 0. In our numerical analysis the following parameters are fixed:
The choice of m H 1 ∼ 125 GeV is motivated by the excess of events at this mass in the searches for H 1 → γγ at the LHC. The value of v ∆ = 0.1 GeV satisfies the constraints on v ∆ from the ρ parameter. Moreover, this choice of v ∆ ensures that BR(H ±± → ℓ ± ℓ ± ) is negligible, and so the strong limit of m H ±± > 400 GeV for the benchmark points in the HTM does not apply due to the dominance of the decay mode
if there is a mass splitting between H ±± and H ± ). We emphasise that the role of λ 2 and λ 3 in our numerical analysis is merely to ensure that the constraint from vacuum stability in eq. (29) is satisfied for the novel case (λ 1 < 0) of interest to us. Our numerical results are essentially insensitive to the choice of λ 2 (= λ 3 ), and we have explicitly checked that taking λ 2 = 10 (which is necessary to satisfy eq. (29) with λ 1 = −3) gives practically the same numerical results as for λ 2 = 0 for our choice of v ∆ = 0.1 GeV. This is because λ 2 and λ 3 have an almost negligible effect on the trilinear couplings H 1 H ++ H −− and H 1 H + H − in eq. (25) and eq. (26), a consequence of the fact that their contribution is multiplied by the small parameter v ∆ . For definiteness we take λ 2 = λ 3 = 0.2. The parameter λ 4 determines whether there is a mass splitting among the triplet scalars, and λ 4 also enters the expression for the H 1 H + H − coupling in Eq. (26) . We treat λ 1 and m H ±± as free parameters that essentially determine the magnitude of the H ±± contribution to H 1 → γγ. We present results for the range:
We note that the range 0 < λ 1 < 10 was studied in [22] . In Fig. 2 , R γγ is plotted in the plane of [λ 1 , m H ±± ]. We fix λ 4 = 0 and so H ±± and H ± are essentially degenerate, and the couplings g H 1 H ++ H −− and g H 1 H + H − in eq. (27) and eq. (28) are approximately equal. Therefore the contributions of H ±± and H ± to the decay rate of H 1 → γγ in eq. (16) differ only by their electric charge, with the contribution of H ±± being four times larger at the amplitude level. In the left panel the range 150 GeV < m H ±± < 300 GeV is plotted, and in the right panel the range 150 GeV < m H ±± < 600 GeV is plotted. For the case of λ 1 > 0 one has destructive interference of the H ±± loop with that of the W loop, leading to a significant suppression of R γγ i.e. in the region 0 < λ 1 < 5 and 150 GeV < m H ±± < 300 GeV there is a large parameter space for R γγ < 0.5. For 0 < λ 1 < 5 and 400 GeV < m H ±± < 600 GeV (i.e. the mass region which has yet to be probed in the direct searches which assume dominance of the decay H ±± → ℓ ± ℓ ± ) the suppression is more mild, with 0.5 < R γγ < 1. Consequently, for 0 < λ 1 < 5 a statistically significant signal for H 1 → γγ would require considerably more integrated luminosity than for the case of the Higgs boson of the SM, and so detection of H 1 → γγ might not be possible in the 8 TeV run of the LHC. However, the other LHC search channels which make use of the tree-level decays (i.e H 1 → W W, ZZ etc) would have the same detection prospects as those of the Higgs boson of the SM. We note that the scenario of a large mixing angle sin α ∼ π/4 [20] [21] [22] (for which m H 1 ∼ m H 2 is necessary) could further delay detection of H 1 in these latter channels because the production cross sections of H 1 (and H 2 ) would have a suppression factor of 1/2 relative to that of the Higgs boson of the SM, as well as having masses which differ by a few GeV.
The case of R γγ = 1 occurs for λ 1 ∼ 0 (i.e. a negligible trilinear coupling H 1 H ++ H −− ), and also for a straight line which joins the points λ 1 = 5, m H ±± = 150 GeV and λ 1 = 10, m H ±± = 200 GeV. Hence any signal for H 1 → γγ with R γγ ∼ 1 (and assuming m H ±± < 600 GeV) would restrict the parameter space of [λ 1 , m H ±± ] to two regions: i) the region of λ 1 ∼ 0, and ii) the region of λ 1 > 5. If H ±± is very heavy and out of the discovery reach of the LHC (e.g. m H ±± >> 1 TeV) then R γγ ∼ 1 could be accommodated with any positive and sizeable λ 1 . As emphasised in [22] , in the region of 5 < λ 1 < 10 and m H ±± < 200 GeV the contribution of the H ±± loop is so large that R γγ > 1 occurs. This region is still compatible with current LHC data, which excludes R γγ > 3.5 for m H 1 around 125 GeV, while R γγ > 2 is excluded for essentially all other choices of m H 1 in the interval 110 GeV < m H 1 < 150 GeV. The excess of γγ events at 125 GeV, if assumed to originate from a Higgs boson, roughly corresponds to R γγ = 2.1 ± 0.5. If R γγ > 1 turns out to be preferred by LHC data then one interpretation in the HTM would be the region of 5 < λ 1 < 10 and m H ±± < 200 GeV [22] .
We now discuss the case of λ 1 < 0, for which R γγ > 1. The current sensitivity to H 1 → γγ in the LHC searches is between 1 < R γγ < 2 in the mass range 110 < m H 1 < 150 GeV, and so the scenario of λ 1 < 0 is now being probed by the ongoing searches. One can see that the current best fit value of R γγ = 2.1 ± 0.5 can be accommodated by values of |λ 1 | which are much smaller than for the case of λ 1 > 0, e.g. R γγ = 2 can be obtained for λ 1 ∼ −1 (or λ 1 ∼ 6) and m H ±± = 150 GeV. Importantly, any measured value of R γγ > 1 would be readily accommodated by the scenario λ 1 < 0, even for a relatively heavy H ±± , e.g. for m H ±± > 400 GeV one has 1.0 < R γγ < 1. [35, 67] , with good detection prospects for m H ±± < 300 GeV. A parton-level study of H ±± → H ± W * (for the signal only) has been carried out in [64] .
The above discussion was for the case of λ 4 = 0 and we now discuss the effect of λ 4 = 0. In this case the couplings g H 1 H ++ H −− and g H 1 H + H − in eq. (27) and eq. (28) are not equal (as discussed in Fig. 1) , and there is a mass splitting between m H ±± and m H ± given by eq. (11) and eq. (12). Therefore the contribution of H ±± to H 1 → γγ is not simply four times the contribution of H ± at the amplitude level. In Fig. 3 we plot R γγ as a function of λ 1 , fixing m H ±± = 250 GeV and taking m H ± = 200 GeV, 250 GeV and 300 GeV (corresponding to λ 4 = −1.48, 0 and 1.82 respectively). One can see that the case of m H ± = 200 GeV and λ 1 < 0 leads to a value of R γγ which is roughly 10% larger than the value for the case of m H ± = m H ±± . This due to the an increase of the magnitude of the coupling g H 1 H + H − in eq. (28) and also because of less suppression from the 1/m 2 H ± term in eq. (24) . Note that R γγ = 1 when λ 1 = 0 due to the non-vanishing coupling g H 1 H + H − for λ 4 = 0 (see also Fig. (1) ). For λ 1 > 0 the magnitude of g H 1 H + H − is less than that of g H 1 H ++ H −− due to destructive interference in eq. (28) , and at around λ 1 = 2 the value of R γγ becomes equal to the case of m H ± = m H ±± . For λ 1 > 8 one finds again values of R γγ which are slightly larger than for the case of m H ± = m H ±± . For m H ± = 300 GeV (i.e. λ 4 = 1.82) the converse dependence of R γγ on λ 1 is found.
V. CONCLUSIONS
Ongoing searches at the LHC for the decay H → γγ are approaching sensitivity to the prediction for the SM Higgs boson in the range 110 GeV < m H < 150 GeV. This data constrains models of New Physics which enhance BR(H → γγ) relative to the rate in the SM. A local excess of events is seen by both the CMS and ATLAS experiments, which is consistent with a signal for the Higgs boson of the SM with a mass of around 125 GeV. Doubly charged Higgs bosons (H ±± ), which arise in the Higgs Triplet Model (HTM) of neutrino mass generation, can significantly alter the branching ratio of H 1 → γγ (where H 1 is the lightest CP-even scalar in the HTM), while the branching ratios of the dominant tree-level decays are essentially the same as those for the Higgs boson of the SM. The contribution of the loops involving H ±± is mediated by a trilinear coupling H 1 H ++ H −− , and its magnitude essentially depends on two parameters: an arbitrary quartic coupling (λ 1 ) and the mass of H ±± (m H ±± ). Consequently, the improving limits on BR(H 1 → γγ) from LHC data constrain the parameter space of [λ 1 , m H ±± ]. An additional (and subdominant) contribution comes from a loop with H ± , and its magnitude is determined by λ 1 , λ 4 and m H ± . As recently pointed out in [22] , for the case of λ 1 > 0 the contribution of H ±± interferes destructively with that of the W loop, and it can lead to a significant suppression of the branching ratio of BR(H 1 → γγ). In this scenario much more data would be required to see a signal for H 1 → γγ in the HTM at the LHC. For very large positive λ 1 (i.e. λ 1 > 5) and m H ±± < 200 GeV a sizeable enhancement of BR(H 1 → γγ) would be possible, and this parameter space is now being constrained by the LHC limits on BR(H 1 → γγ), as well as being a possible explanation of the excess of events at 125 GeV [22] . In this work we pointed out that constructive interference of the H ±± contribution with the W contribution occurs for λ 1 < 0, and such a parameter space is consistent with theoretical constraints on λ 1 from requiring the stability of the vacuum of the scalar potential. For m H ±± = 400 GeV, which is roughly the bound if the decays H ±± → ℓ ± ℓ ± decays are dominant in the HTM, an enhancement of up to ∼ 1.3, 1.2 and 1.1 is possible for λ 1 = −3, −2 and −1. Conversely, if either of the decays H ±± → W W or H ±± → H ± W * is dominant (for which there have been no direct searches) then m H ±± < 400 GeV is not experimentally excluded, and larger enhancements of ∼ 4.5, 3.1 and 1.9 are possible for λ 1 = −3, −2 and −1 with m H ±± = 150 GeV. Consequently, the parameter space of λ 1 < 0 in the HTM is more tightly constrained by the ongoing searches for H 1 → γγ than the case of λ 1 > 0. Importantly, the case of λ 1 < 0 would readily accommodate any signal for H 1 → γγ with a branching ratio which is higher than that for the Higgs boson, for smaller values of |λ 1 | than for the case of λ 1 > 0. In such a scenario, dedicated searches at the LHC for the decay channels H ±± → W W or H ±± → H ± W * with m H ±± < 400 GeV would be strongly motivated.
